Background and aims: Osteopenia and osteoporosis are frequent in Crohn's disease. However, there are few data on related vertebral fractures. Therefore, we evaluated prospectively the prevalence of osteoporotic vertebral fractures in these patients. Methods: A total of 293 patients were screened with dual energy x ray absorptiometry of the lumbar spine (L1-L4) and proximal right femur. In 156 patients with lumbar osteopenia or osteoporosis (T score <−1), x ray examinations of the thoracic and lumbar spine were performed. Assessment of fractures included visual reading of x rays and quantitative morphometry of the vertebral bodies (T4-L4), analogous to the criteria of the European Vertebral Osteoporosis Study. Results: In 34 (21.8%; 18 female) of 156 Crohn's disease patients with reduced bone mineral density, 63 osteoporotic vertebral fractures (50 fx. (osteoporotic fracture with visible fracture line running into the vertebral body and/or change of outer shape) and 13 fxd. (osteoporotic fracture with change of outer shape but without visible fracture line)) were found, 50 fx. in 25 (16%, 15 female) patients and 13 fxd. in nine (5.8%, three female) patients. In four patients the fractures were clinically evident and associated with severe back pain. Approximately one third of patients with fractures were younger than 30 years. Lumbar bone mineral density was significantly reduced in patients with fractures compared with those without (T score −2.50 (0.88) v −2.07 (0.66); p<0.025) but not at the hip (−2.0 (1.1) v −1.81 (0.87); p=0.38). In subgroups analyses, no significant differences were observed. Conclusions: In patients with Crohn's disease and reduced bone mineral density, the prevalence of vertebral fractures-that is, manifest osteoporosis-was strikingly high at 22%, even in those aged less than 30 years, a problem deserving further clinical attention.
P
atients with inflammatory bowel disease (IBD) are at high risk of low bone mineral density (BMD), especially in Crohn's disease (CD). The increased prevalence of osteopenia and osteoporosis is a significant complication in both children [1] [2] [3] and adults. [4] [5] [6] [7] [8] [9] [10] [11] [12] Bone loss rates have been shown to be increased in patients with IBD. [13] [14] [15] [16] Other series have not reported continuous bone loss during follow up. [17] [18] [19] [20] The pathogenesis and risk factors are not fully understood. Endocrine, metabolic, genetic, nutritional, and inflammatory factors contribute to IBD associated osteoporosis. 3-9 11-13 17 19 21-25 Osteoporosis is associated with a high risk of fractures of the spine, hip, and radius resulting in significant morbidity and mortality. [26] [27] [28] Clinical problems of vertebral fractures include severe and chronic back pain, height loss, spinal deformity, and disability. 29 New vertebral fractures are associated with substantial increases in back pain and increasing functional limitation, even those not recognised clinically, 30 as well as being predictive of further fractures. 26 The clinical relevance of osteopenia in IBD will remain unclear until sufficient data on the risk and prevalence of fractures in these patients are available. In CD, several small series of patients with vertebral fractures have been documented. 4 6 7 21 31 Even in paediatric patients, vertebral fractures developed. 1 2 More recent data on IBD related fractures were based on either databases 32 or questionnaires, 33 showing an increased incidence of fractures among patients with IBD, 32 in particular an increased risk of low energy fractures in female patients with CD. 33 However, the prevalence of vertebral fractures in CD patients with reduced BMD (T score <−1) is not known. Patients with CD have a normal life expectancy. Among these predominantly young patients, vertebral fractures may represent a serious lifelong handicap.
AIMS
We conducted a prospective study to assess the prevalence of vertebral fractures in CD using dual energy x ray absorptiometry (DXA) and detailed morphological analysis (quantitative morphometry (QM)) of x rays of the thoracic and lumbar spine (T4-L4).
MATERIAL AND METHODS

Patients
A total of 293 consecutive CD patients referred to our gastroenterological unit between January 1998 and January 2001 underwent osteodensitometry by DXA of the lumbar spine (L1-L4) and the proximal right femur. For assessment of vertebral fractures, anteroposterior and lateral x ray examinations of the thoracic and lumbar spine were performed in 156 patients (84 female) with lumbar osteopenia or osteoporosis. Patient characteristics are shown in table 1.
All patients had a diagnosis of CD established on histological, endoscopic, radiological, or clinical criteria. None of the patients was pregnant. All participants gave informed consent. ) and as number of standard deviations (SD) from the peak bone mass of a young adult sex matched reference population (T score). According to the WHO recommendations for postmenopausal women, osteopenia was defined as a T score <−1 SD, osteoporosis as a T score <−2.5 SD, and manifest osteoporosis as a T score <−1.0 with prevalent vertebral fractures. 34 Patients with major sclerosis of the aorta, osteophytes, or scoliosis on x ray precluding accurate measurements of lumbar BMD by DXA were excluded (n=1).
In patients with vertebral fractures of the vertebral bodies L1-L4, average BMD values for L1-L4 were recalculated excluding the fractured vertebra.
Assessment of fractures: quantitative morphometry (QM)
Morphometric methods have been developed for standardised assessment of vertebral deformities in studies of spinal osteoporosis. 35 36 The use of a fixed percentage reduction in vertebral height is the simplest and most practical method of studying vertebral deformities. 37 In this study, visual reading of x rays and QM of the vertebral bodies were standardised according to the criteria of the European Vertebral Osteoporosis Study (EVOS) 38 ; only the threshold value was changed from 25% to 20%. QM was performed using six point digitisation to calculate the anterior (H a ), mid (H m ), and posterior (H p ) height of the vertebral bodies T4-L4 (fig 1) . A vertebra was classified as having a prevalent deformity if at least one ratio (H a /H p , H m /H p , H p /H p up , or H p /H p low ) was below the threshold value. For every vertebra considered as deformed quantitatively, a radiological differential diagnosis was performed for the aetiology of the deformation, distinguishing between osteoporotic, degenerative, traumatic, and other reasons. Differential diagnosis prevents overestimation of the prevalence of osteoporotic fractures due to deformations of other aetiology as 45.9% and 30.9% of spinal deformities in men and women, respectively, are reported to be of non-osteoporotic origin. 39 For osteoporotic fractures, differentiation between fx. (osteoporotic fracture with visible fracture line running into the vertebral body and/or change of outer shape) and fxd. (osteoporotic fracture with change of outer shape but without visible fracture line) fractures was performed.
Statistics
Continuous data were expressed as mean (SD) (range). When data were non-normally distributed, Wilcoxon's non parametric rank sum test was used. Two tailed tests for significance were used in all statistical analyses and p=0.05 was considered statistically significant. Correlation analysis was performed using Spearman's rank correlation test. Two tailed Fisher's exact test was used to determine associations between categorical variables. The Statistical Package SAS V6.11 was used for analysis.
RESULTS
A total of 293 CD patients underwent DXA of the lumbar spine (L1-L4) and proximal right femur. In 156 patients (mean age 36 years (range 18-68), 84 female) with lumbar osteopenia In four female patients the fractures were clinically evident with severe back pain and disability (representing 14 fractures). The fractures in the other 30 patients were clinically undetected.
Lumbar bone mineral density was significantly reduced in patients with fractures compared with those without (T score −2.07 (0.66) v −2.50 (0.88); p<0.025). At the hip, no No correlation between age and BMD was found in any subgroup. In patients with one fracture (n=20) versus those with two or more fractures (n=14), no significant differences in BMD at any site were demonstrated. There was no correlation between the total number of vertebral fractures per patient and age or femoral or lumbar BMD (data not shown).
Regarding other disease related risk factors such as disease extent, previous bowel resections, or use of steroids, no significant differences or correlations in any subgroup analysis were found (table 1) .
DISCUSSION
We found a high prevalence of osteoporotic vertebral fractures in patients with CD and decreased BMD (T score <−1). The prevalence of vertebral fractures-that is, manifest osteoporosis-was 21.8%. In 34 of 156 CD patients, we demonstrated one or more vertebral fractures. A total of 63 fractures, 50 fx. in 25 patients (16%, 15 female) and 13 fxd. in nine patients (5.8%, three female) were found.
CD patients are at high risk for low BMD but the prevalence of vertebral fractures of clinical relevance has not previously been thoroughly assessed. The few data on IBD related vertebral fractures were based on self administered questionnaires, 33 databases, 32 or case reports. 2 4 6 7 21 31 Bernstein and colleagues 32 demonstrated a 40% greater incidence of fractures at any site among patients with IBD than in the general population, with an age specific incidence rate ratio of 33 showed an increased risk of low energy fractures in female patients with CD.
Our data represent the first prospective study investigating the prevalence of vertebral fractures based on a standardised evaluation regimen of x rays of the thoracic and lumbar spine, analogous to the criteria of EVOS. 38 The EVOS study was an epidemiological study that investigated the radiographic prevalence of vertebral fractures in men and women aged 50 years and over. 40 In our study, the prevalence of vertebral fractures (21.8%) was higher compared with the mean centre prevalence in EVOS (12%) and compared with the prevalence in the EVOS study centre in Heidelberg (16.4%), located in southern Germany in common with our study centre. 40 This difference is interesting due to the older age of the patients in the EVOS study (64.8 v 35.9 years in our study) and the fact that in EVOS, no differential diagnosis of fractures (osteoporotic v others) was done. In the European Prospective Osteoporosis Study (EPOS), 39 the overall prevalence of osteoporotic fractures was 10.6%, and the prevalence in the Heidelberg study centre was 11.5%, making the difference between their results and our results even more remarkable.
The association between postmenopausal osteoporosis and the development of vertebral compression fractures is well described. 26 Each SD decline in BMD possibly increases the fracture risk approximately twofold. [41] [42] [43] The prevalence of vertebral fractures increases the risk of developing further fractures by up to 10-fold, 26 with a positive correlation with the number of prevalent fractures. 44 This risk is extremely high in new incident fractures. 45 Our data showed a higher prevalence of fractures in patients with osteoporosis (29%) compared with osteopenia (19%; NS). Lumbar BMD was significantly higher in the 122 patients without vertebral fractures, supporting the hypothesis that decreased BMD is a risk factor for vertebral fractures. By subgroup analysis of patients with one versus those with two or more fractures, no significant differences were found regarding age, or femoral or lumbar BMD. Whether there is a significant prevalence of fractures in CD patients with a normal BMD (T score >−1) cannot be answered by this study.
Even though the number of vertebral fractures was negatively correlated with vertebral and femoral bone density reported by Mann and colleagues, 46 no correlation between the number of vertebral fractures per patient and BMD at any site was found in our study. Patients with osteoporosis were slightly older than patients with osteopenia, and the 34 patients with vertebral fractures were only a little older than the 122 patients without vertebral changes, suggesting a weak correlation with age. However, there were a larger number of young patients aged <30 years with vertebral fractures.
Our data showed a high rate of clinically silent fractures in CD patients with manifest osteoporosis, according to the criteria of the WHO. 34 The fractures were clinically evident only in four patients. Severe clinical osteoporosis, including back pain, height loss, spinal deformity, and disability was already present in these young patients. The fractures in the other 30 patients were not evident clinically. These data are consistent with other reports that only one third of x ray assessed vertebral fractures are clinically detected. 26 We demonstrated that reduced BMD, a common problem in patients with CD, is not only a surrogate marker with no clinical relevance but is associated with a high prevalence of vertebral fractures. This implies that it is worthwhile paying even more attention to this extraintestinal complication of CD, especially among young patients. Although hormone replacement therapy, 47 vitamin D, 48 bisphosphonates (Alendronate), 20 sodium fluoride, 49 and a simple schedule of regular physical activity 50 reduces the rate of bone loss or increases BMD in patients with CD, the optimum strategy for prevention and therapy has yet to be established.
CONCLUSIONS
In patients with CD and low BMD (T score <−1), the prevalence of vertebral fractures-that is, manifest osteoporosis-was 22%. Characterisation of risk factors for low BMD and associated fractures in CD patients needs further attention. BMD measurement and x ray examinations of the spine should be performed in patients with CD to identify those with reduced BMD in order to initiate treatment to reduce fractures. However, the optimum prevention and therapy of osteopenia and fractures have yet to be established.
